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376a Monday, February 27, 2012module based upon previous work on chemotactic regulatory kinetics and
assumes actin growth serves as the necessary refractory negative feedback.
We parametrically analyze the pattern forming capacity of this model through
the use of a Local Perturbation Analysis’ and simulations, and discuss its
properties.
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Periodic patterns of protrusion and retraction have been observed along the
leading edge of various cell types during spreading and motility, with many
cells exhibiting wave-like propagation of protrusions along the cell mem-
branes. Research has surged in this area as the reproducibility of these patterns
offers opportunities to better quantify the regulatory mechanisms of actin
polymerization at the leading edge. Previous works suggest possible roles
for membrane curvature sensing proteins, actin filament nucleators, Rho sig-
naling, myosin contraction, and severing in this process. To investigate cycles
of protrusion and retraction we imaged the lamellipodia of XTC cells using
Lifeact as a marker for actin, and analyzed the position of the leading edge
using active contours. Constant retrograde flow indicated that protrusions
and retractions were driven by fluctuations of the actin polymerization rate.
We developed a 1D model of these actin dynamics as an excitable system
in which a diffusive, autocatalytic activator causes free barbed end formation
and actin polymerization; F-actin accumulation in turn inhibits further activa-
tor accumulation. According to the model, the leading edge protrusion rate
spikes before the maximum of the free barbed end concentration. To gain
mechanistic insight into how polymerization is converted into protrusion,
we extended the model in 2D. F-actin dependent membrane motion and retro-
grade flow are both accounted for. We compare models of free barbed end
generation to experiment using spatiotemporal correlations of leading edge
velocity with concentrations of Arp2/3 complex, capping protein and VASP,
as a function of distance from the leading edge. Our findings suggest that
the Arp2/3 complex participates in an activation mechanism that includes ad-
ditional diffusive components.
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Actin plays a major role in cell structure, cell motility, vesicle and organelle
transport, and muscle contraction. Actin’s ability to play these major roles is
a direct consequence of the intricate relationship between stress and strain in
a variety of filamentous actin (F-actin) networks. A thorough understanding
of the unique stress-strain relationships in complex F-actin networks at the
molecular-level is currently lacking despite the importance of such networks
to fields such as biomimetic material engineering and cell biology. Here we
develop novel single-molecule instrumentation that combines dual-trap
force-measuring optical tweezers with fluorescence microscopy to enable
simultaneous characterization of intermolecular forces and molecular dynam-
ics within F-actin networks. This instrumentation is combined with a novel
technique in which single F-actin ‘‘probes’’ are used to apply molecular-
level strains and measure induced stress within entangled F-actin systems
while the deformations and dynamics of surrounding fluorescent-labeled
filaments are simultaneously imaged. Specifically, the dual-trap optical twee-
zers trap fluorescent-labeled, microsphere-conjugated probes and measure
the force induced on the probe as it is moved through a network of
selectively-labeled entangled F-actin by using a nanoprecison piezoelectric
stage to move the sample chamber relative to the traps. Fluorescence micro-
scopy is used simultaneously to image the dynamics of the moving probe
as well as the surrounding labeled molecules subject to the applied strain.
Specific bioconjugation of the fluorescent polystyrene microspheres to the
ends of labeled F-actin is achieved by carbodiimide attachment of gelsolin
to microspheres and combining gelsolin-coated microspheres with fluores-
cent phalloidin labeled actin. This powerful single-molecule technique
allows simultaneous measurement of intermolecular forces and dynamics
and deformations of single molecules, providing the much needed link
between stress and strain at the molecular level in complex F-actin
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A cell’s contractile network and mechanosensing machinery involves actomy-
osin filaments connected to the ECM by focal adhesions. The initiation of these
structures at the front of the lamella is therefore critical for various cell
processes requiring motion, contraction, or signal transduction with the micro-
environment. Though the properties of lamellipodial actin have been exten-
sively studied, it is not fully known how the lamellipodium/lamella border is
formed, and what happens at this interface. We track the formation, stabiliza-
tion and dynamics of both stress fibers and focal adhesions using timelapse im-
aging of fibroblasts expressing actin and vinculin tagged with a fluorophore.
Cells are seeded on specific adhesive micropatterns fabricated with a standard
photolithography technique. We control the localization of adhesion sites and
therefore the spreading geometry by alternating adhesive branches and non-
adhesive gaps a few mm wide. We observe that above a given distance between
adhesions, an actin bridge parallel to the leading edge and rich in myosinII is
formed and reinforced. As the leading edge advances, nascent adhesions mature
under the tension exerted by actin filaments. The latter stabilize into dorsal
stress fibers, along which transverse arcs slide centripetally, eventually being
either disassembled or fusing with dorsals to create a ventral stress fiber (con-
nected to focal adhesions at both ends). After the initial spreading phase, we
observe cytoskeletal remodeling. Ventral stress fibers are further aligned along
one preferential axis to redistribute tension within the cytoskeleton and on ad-
hesion sites.
Experimental data are used to build a simplified model of cell spreading, based
on mechanical properties of stress fibers and focal adhesions. The simulations
output will shed light on how these structures interact dynamically.
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For cells to adapt to different tissues and changes in tissue mechanics, they
must be able to respond to mechanical cues by changing gene expression pat-
terns. These responses potentially involve major changes in nuclear organiza-
tion and structure to reflect epigenetic changes in the nucleus. However, it is
unclear how physical cues received at the plasma membrane integrate to the
functional architecture of the cell nucleus. Recent evidence suggests that the
nucleus responds to force via concurrent biochemical and mechanical path-
ways. Applying force to the plasma membrane of cells resulted in mechanical
deformation of the nucleus and displacement of heterochromatin regions.
Simultaneously, the actin cytoskeleton reorganized in response to force appli-
cation, which further induced the translocation of transcription co-factor MKL
from the cytoplasm to the nucleus. We present a minimal quantitative model
incorporating active stresses and chemical kinetics to evaluate the reaction
and timescales of nuclear reaction to force. Our work shows a minimal system
of biochemical and mechanical effects working in tandem to recapitulate the
observed effects of nuclear mechanosignaling.
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Formin family proteins are potent activators of actin filament nucleation and
elongation. While numerous studies indicate the possible roles of actin inside
the nucleus and the tight association of the nucleus with cytoplasmic actin cy-
toskeleton, the role of actin-associated proteins and, in particular, regulators of
actin polymerization in the organization of nuclear and perinuclear actin re-
mains obscure. Nuclear localization of some formins, such as formin-1 and
mDia2 was detected in some previous studies. Particularly, it was recently
shown that mDia2 has both nuclear localization and nuclear export signals,
and is accumulated in the nucleus upon inhibition of nuclear export by lepto-
mycin B (LMB) (Miki et al, J Biol Chem. 2009). We confirmed and extended
these results; in particular, we have measured the kinetics of nuclear accumu-
lation of some formins upon LMB treatment and have found that mDia2 accu-
mulates in the nucleus very fast while mDia1 does not accumulate. Since
mDia2 activity is regulated by the Rho family GTPases, we further studied
the nuclear localization of RhoA, Rac1, and Cdc42 and found that significant
amounts of the wild type Rho GTPases were localized to the nucleus, while
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ization. Moreover, active Cdc42 was shown to augment localization of mDia2
to cell plasma membrane and slow down its nuclear shuttling. Finally, we have
found that even without LMB treatment, GFP-fused full length mDia2 is accu-
mulated to the nuclear rim, where it colocalizes with nesprin, a protein involved
in linking nucleus with actin cytoskeleton. Constitutively active Rac1 was also
enriched in the nuclear rim. The experiments using cell treatment with digito-
nin, which permeabilizes plasma- but not the nuclear membrane, suggested that
mDia2-enriched nuclear rim was located at the cytoplasmic side of the nuclear
membrane.
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Activation of T cell receptor (TCR) by antigens occurs in concert with an elab-
orate multi-scale spatial reorganization of proteins at the immunological syn-
apse, the junction between a T cell and an antigen-presenting cell (APC).
Signaling through discrete T cell receptors (TCRs) in the context of immuno-
logical synapse, involves the orchestrated movement and reorganization of
TCR microclusters. The frictional coupling between the actin cytoskeleton
and protein microclusters has been proposed to be essential for the spatial or-
ganization of signaling receptors at all length scales, but the role of molecular
motors in this process is largely unknown. By using the hybrid live T cells-
supported membrane platform, we study the role of myosin motors in the
synapse formation of primary T cells and explore a possible mechanical mech-
anism of signal modulation involving myosin II.
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Myosin Va is a motor protein responsible for vesicular transport inside eu-
karyotic cells. Its structure has been well-studied and is known to contain
a flexible hinge region approximately half-way between the N-terminal motor
domain and C-terminal globular tail. Previous studies have shown two distinct
conformations for Myosin Va, one where the hinge remains extended and the
protein is active, and one where the hinge allows the protein to fold, allowing
auto-inhibition between the globular tail and motor regions. It is assumed, but
never shown at the single-molecule level, that Myosin Va actively switches
between these conformations at the timescales typical of their runs. Tradi-
tional two-dimensional fluorescence tracking techniques cannot adequately
capture the conformation change. However, it is possible to track an out-
of-focus particle in all three dimensions with a modified form of FIONA
microscopy. The point spread function of the out-of-focus particle takes the
shape of an Airy disc, with the width of the disc proportional to the distance
by which the particle is out of focus. With this technique, the spatial resolu-
tion degrades quickly with drift, so we have further modified the microscope
with an auto-focus system based on feedback of backscattered signal from
a secondary IR laser. We present tracking data of quantum dots bound to
full-length Myosin Va with < 5 nm spatial resolution in XY, < 30 nm in
Z at a time resolution of 100 ms, which is sufficient to resolve conformation
changes.Intracellular Cargo Transport
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A central question in the study of many processive motor proteins is how are
the mechano-chemical cycles in the two motor domains coordinated. In our
study, we investigate the hypothesis that the coordination is achieved via subtlechanges in the reaction rates due to asymmetric tension within the structures.
We perform coarse-grained Brownian dynamics simulations of the myosin
VI motor domain and study structural changes in the nucleotide binding pocket
as a function of applied tension and relate the structural changes to the changes
in the chemical reaction rates.
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Naturally occurring lipid granules diffuse in the cytoplasm and can be used as
tracers to map out the viscoelastic landscape inside living cells. Using optical
trapping and single particle tracking we found that lipid granules exhibit anom-
alous diffusion inside human umbilical vein endothelial cells. For these cells
the exact diffusional pattern of a particular granule depends on the physiolog-
ical state of the cell and on the localization of the granule within the cytoplasm.
Granules located close to the actin rich periphery of the cell move less than
those located towards to the center of the cell or within the nucleus. Also, gran-
ules in cells which are stressed or have attached to a surface for a long period of
time move in a more restricted fashion than within healthy cells. For granules
diffusing in healthy cells, in regions away from the cell periphery, occurrences
of weak ergodicity breaking are observed, similar to the recent observations in-
side living fission yeast cells [1].
[1] J.-H. Jeon, V. Tejedor, S. Burov, E. Barkai, C. Selhuber-Unkel, K. Berg-
Sørensen, L. B. Oddershede, and R. Metzler, Phys. Rev. Lett. 106, 048103
(2011).
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A molecular motor is a nano-scale protein which converts chemical energy into
mechanical work. For example, myosin-V is a double headed processive mo-
lecular motor that transports a variety of cargos within biological cells. It
achieves this by walking head-over-head along an actin track, passing through
a sequence of coordinated chemical reactions and mechanical motions, taking
several successive steps before detaching.
There is much debate as to the exact nature of the stepping mechanism of
myosin-V due to the noise to which nano-scale measurements are subject.
Mechanochemical aspects have been experimentally investigated and averaged
quantities, such as velocities and run lengths, have been measured. Our work
focuses on theoretical methods to extract more information - such as a more
precise stepping mechanism - from these experimental results aiming to im-
prove the quality of molecular motor modelling.
A postulated sequence of mechanochemical changes a molecule undergoes can
be encoded into a discrete stochastic model. Optimisations techniques are used
to fit parameters of the system against measureable quantities, giving a quanti-
tative measure as to the degree to which the system agrees with experiment.
The validity of several models for myosin-V is discussed and ideas such as
the detachment mechanism of the protein are critically analysed. Existing
theoretical techniques are tested and improved. A quantitative analysis of com-
peting stepping cycles and their agreement with experimental results is also
discussed.
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Molecular motors of the kinesin and dynein superfamilies are the driving force
behind intracellular transport, cell division and cell propulsion. Inside the
